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(54) Processing method and apparatus for removing oxide film 



(57) Disclosed are a processing method and appa- 
ratus for removing a native oxide film formed on a sur- 
face of an object W. The surface of the object is exposed 
to activated gases formed from a N 2 gas (52), a H 2 gas 
(54) and a NF 3 (83) gas to bring about a reaction 
between the native oxide film formed on the surface of 
the object and the activated gases. As a result, a reac- 
tion film is formed. The reaction film thus formed is sub- 



limated by heating (36) the object to a predetermined 
temperature, thereby to remove the native oxide film 
from the surface of the object. For forming the activated 
gases, the N2 gas (52) and H 2 gas (54) are converted 
into a plasma and activated to form active species, fol- 
lowed by adding the NF 3 gas (80) to the active species 
to form an activated gas containing the NF 3 gas. 
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Description 

The present invention relates to a processing 
method and apparatus for removing an oxide film 
formed on a surface of an object to be treated mainly 
such as a semiconductor wafer, particularly, to a 
processing method and apparatus for removing a thin 
oxide film such as a native oxide film formed on a sur- 
face of the object such as a semiconductor wafer, and 
more particularly, to a processing method and appara- 
tus for removing a native oxide f flm formed in a bottom 
portion of a fine hole formed on a surface of the object 
such as a semiconductor wafer. 

The present invention is directed mainly to a tech- 
nique of removing an oxide film formed on a surface of 
an object such as a semiconductor wafer, particularly, to 
a technique for removing a native oxide film. Although, 
the object to be processed in the present invention is 
not limited to a semiconductor wafer, the related art in 
relation to a technique for removing a native oxide film 
formed in a bottom portion of a fine hole formed on a 
surface region of a semiconductor wafer in order to spe- 
cifically describing the related art is described. 

As widely known to the art, processes to form a film 
on a semiconductor wafer used as a substrate and etch- 
ing treatments to selectively etch the resultant film in a 
predetermined pattern are repeatedly carried out in the 
manufacture of a semiconductor integrated circuit on 
the semiconductor wafer. During these processes, the 
substrate is transferred among various processing 
devices. During the transfer, the substrate is exposed to 
the air atmosphere, with the result that the oxygen and 
water within the air atmosphere unavoidably cause a 
native oxide film to be formed on a surface of the sub- 
strate. Formation of the native oxide film causes the 
properties such as electrical properties of the film on a 
surface of the substrate to be deteriorated. Where dete- 
rioration of the film properties is undesirable in the proc- 
ess for forming a film on the substrate or in the etching 
process of the film, it is necessary to remove the native 
oxide film formed on the substrate. 

A wet etching is one of the conventional techniques 
for removing the native oxide film. In the wet etching, the 
semiconductor substrate (wafer) having a native oxide 
film formed thereon is immersed in a washing liquid for 
removing the native oxide film. It should be noted that 
the line width of a wiring and the diameter of a contact 
hole formed in the semiconductor wafer are diminished 
with increase in the scale of integration and miniaturiza- 
tion of the semiconductor integrated circuit. For exam- 
ple, the diameter of the contact hole is 0.2 to 0.3 fim or 
less. What should be noted is that, since the contact 
hole has a very small diameter, the washing liquid is 
unlikely to enter sufficiently the contact hole. Also, the 
washing liquid once entering the contact hole is not 
likely to be easily expelled from within the contact hole 
because of the surface tension of the washing liquid. 
Under the circumstances, it is difficult for the washing 



liquid to remove sufficiently a native oxide film formed in 
a bottom portion of the contact hole. 

Where the substrate is subjected to a wet washing, 
the wall of the contact hole is also etched together with 

5 the native oxide film. It should be noted in this connec- 
tion that the contact hole extends through a plurality of 
layers formed on the substrate, with the result that the 
wall of the contact hole consists of a plurality of these 
layers. What should be noted is that these plural layers 

w differ from each other in the etching rate when sub- 
jected to etching with the wet washing liquid. It follows 
that the surface of the contact hole is rendered irregular 
after the etching with the wet washing liquid. FIGS. 6A 
and 6B show in detail the situation. Specifically, FIG. 6A 

75 shows that a contact hole 2 for achieving an electrical 
contact with a drain or source region is formed in a sur- 
face region of a silicon substrate W. The contact hole 2, 
which has a diameter of about 0.2 to 0.3 jim, extends 
through three layers consisting of a Si0 2 X1 layer 4 

20 formed by thermal oxidation, a phosphorus-doped glass 
(SiC>2) X2 layer 6 formed by a spin-coating method, and 
a silica glass (Si0 2 ) X3 layer 8, as shown in the drawing. 
A native oxide film 10 is formed at the bottom of the con- 
tact hole 2. These Si0 2 layers 4, 6 and 8 slightly differ 

25 from each other in the etching rate when washed with a 
washing liquid. It follows that, if the native oxide film 10 
is removed by the wet etching, the wall surface of the 
contact hole 2 is caused to be irregular by the difference 
in the etching rate noted above, as shown in FIG. 6B. In 

30 addition, the washing liquid tends to enter the boundary 
regions between the adjacent two layers, leading to an 
over-etching of the boundary regions. 

To overcome the above-noted difficulties, it is pro- 
posed to employ a so-called dry etching method in 

35 place of the wet etching method for removing the native 
oxide film at the bottom of the contact hole. Japanese 
Patent Disclosure (Kokai) No. 2*256235 discloses a 
method of removing a native oxide film by utilizing a NF 3 
gas (halogen gas) or NH 3 gas (basic gas). It is disclosed 

40 that the halogen gas or the basic gas noted above is 
introduced into a process chamber, and the native oxide 
film is removed by plasma formed within the process 
chamber. In this technique, however, required is an 
apparatus for exhausting these two kinds of the special 

45 gases (NF 3 , NH 3 ) leading to a high operating cost. 

Japanese Patent Disclosure No. 6-338478 dis- 
closes another technique. It is disclosed that a H 2 gas 
and a H 2 0 vapor are supplied into a plasma generating 
section for activation of these gas and vapor. Then, a 

so NF 3 gas or a gaseous mixture containing NF 3 gas is 
added to the activated gas and vapor for removing the 
native oxide film. However, since H 2 0 (steam) is used in 
this technique, a native oxide film tends to be formed in 
an amount larger than the amount of the removed native 

55 oxide film. As a matter of fact, a native oxide film was not 
sufficiently removed in the experiment conducted by the 
present inventor. 

An object of the present invention, which has been 



2 



3 



EP0 887 845 A2 



4 



achieved in an attempt to solve the above-noted prob- 
lems, is to provide a method and apparatus for effec- 
tively removing an oxide fOm formed on a surface of an 
object mainly such as a semiconductor wafer. 

Another object is to provide a method and appara- 
tus for effectively removing a native oxide film formed on 
a surface of an object mainly such as a semiconductor 
wafer. 

Another object is to provide a processing method 
and apparatus, which do not require a high cost for dis- 
posing of an exhaust gas. Another object is to provide a 
method and 

apparatus for effectively removing a native oxide 
film without newly forming a native oxide film. 

Further, still another object of the present invention 
is to provide a method and apparatus for effectively 
removing a native oxide film formed at a bottom portion 
of a fine hole formed in a surface region of an object 
such as a semiconductor wafer. 

According to a first aspect of the present invention, 
there is provided a method of removing an oxide film 
formed on a surface of an object to be processed, com- 
prising the steps of: 

forming an activated gas from a N2 gas, H 2 gas and 
NF 3 gas; 

exposing a surface of the object to the activated gas 
to bring about a reaction between the activated gas 
and an oxide film formed on a surface of the object, 
thereby forming a reaction film; and 
heating the object to a predetermined temperature 
so as to sublimate the reaction film. 

According to a second aspect of the present inven- 
tion, there is provided a processing method according to 
the first aspect, wherein the oxide film to be removed is 
a film having a thickness of generally 2 nm or less such 
as a native oxide film formed by the reaction with the air 
atmosphere. 

According to a third aspect of the present invention, 
there is provided a processing method according to the 
first aspect, wherein the formation of the activated gas 
from the N 2 gas, H 2 gas and NF 3 gas comprises the 
steps of: 

forming a plasma of a mixed gas consisting of the 
N 2 gas and H 2 gas and also forming active species; 
and 

supplying the NF 3 gas into the active species so as 
to form activated gases the N 2 gas, H 2 gas and NF 3 
gas. 

According to a fourth aspect of the present inven- 
tion, there is provided a processing method according to 
the third aspect, wherein the oxide film to be removed is 
a native oxide film formed by the reaction with the air 
atmosphere during predetermined process steps 
applied to the object. 



According to a fifth aspect of the present invention, 
there is provided a processing method according to the 
third aspect, wherein the formation of a plasma of a 
mixed gas consisting of the N 2 gas and H2 gas is carried 

5 out in a plasma generating section made of quartz by 
introducing a microwave into a mixed gas of the N 2 gas 
and H 2 gas supplied to the plasma generating section. 

According to a sixth aspect of the present invention, 
there is provided a processing method according to the 

10 first aspect, wherein the predetermined temperature is 
at least 100°C, and each of the reaction film and the 
activated gas is formed at a temperature lower than 
100°C. 

In a preferred embodiment, the process with the 
75 activated gas is carried out at room temperature, fol- 
lowed by stopping the supply of the activated gas and 
subsequently heating the object to the predetermined 
temperature. 

According to a seventh aspect of the present inven- 
20 tion, there is provided a processing apparatus for 
removing an oxide film, comprising: 

a susceptor on which an object to be processed is 
disposed; 

25 a process chamber housing the susceptor; and 

a mechanism for removing oxide films formed on a 
surface of the object; 

wherein the mechanism for removing the oxide 
films include: 

30 an activated gas forming device for forming an acti- 
vated gas from N 2 gas, H 2 gas and NF 3 gas; 
an introducing device for introducing the activated 
gas formed in the activated gas forming device onto 
a surface of the object disposed on the susceptor 

35 arranged within the process chamber; and 

a heating device for heating the object to tempera- 
tures at which reaction films resulting from reaction 
between the oxide films formed on the surface of 
the object and the activated gas introduced into the 

40 process chamber are sublimated. 

According to an eighth aspect of the present inven- 
tion, there is provided a processing apparatus accord- 
ing to the seventh aspect, wherein the activated gas 
45 forming device includes: 

a plasma generating device for converting the sup- 
plied gas into plasma; 

a gas supply device for supplying N 2 gas and H2 
so gas into the plasma generating device; 

an activated species forming device for converting 

the plasma generated from the plasma generating 

device into activated species; and 

an activated gas forming device for supplying an 
55 NF 3 gas into the activated species of N 2 gas and H2 

gas formed in the activated species forming device 

so as to form activated gases of N 2 gas H 2 gas and 

NF 3 gas. 
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According to a ninth aspect of the present inven- 
tion, there is provided a processing apparatus accord- 
ing to the seventh aspect wherein the oxide film formed 
on the surface of the object is a native oxide film formed 
by the reaction with the air atmosphere during the pre- 5 
determined process steps applied to the object. 

According to a tenth aspect of the present inven- 
tion, there is provided a processing apparatus accord- 
ing to the ninth aspect, 

wherein the activated gas forming device 
includes: 

a plasma generating device for converting the sup- 
plied gas into plasma; 

a gas supply device for supplying N 2 gas and H 2 
gas into the plasma generating device; 
an activated species forming device for converting 
the plasma generated from the plasma generating 
device into activated species; and 
an activated gas forming device for supplying an 
NF 3 gas into the activated species of N 2 gas and H 2 
gas formed in the activated species forming device 
so as to form activated gases of N 2 gas H 2 gas and 
NF 3 gas, and 

wherein the heating device for heating the object is 
for heating the object to temperatures at which the 
native oxide films formed on the surface of the 
object react with the activated gas introduced into 
the process chamber and the resultant reaction 
films are sublimated. 

According to an eleventh aspect of the present 
invention, there is provided a processing apparatus 
according to the tenth aspect, wherein the plasma gen- 
erating device is equipped with a mechanism for con- 
verting a gas into a plasma by utilizing a microwave. 

According to a twelfth aspect of the present inven- 
tion, there is provided a processing apparatus accord- 
ing to the tenth aspect, 

wherein the activated gas forming device 
includes: 

a pipe made of microwave transmitting material; 
and 

a supply section of a microwave and a supply sec- 
tion of a N 2 gas and H 2 gas formed at the inlet port 
of the pipe. 

According to a thirteenth aspect of the present 
invention, there is provided a processing apparatus 
according to the tenth aspect, wherein an introducing 
mechanism for introducing the activated gas onto the 
surface of the object disposed on the susceptor 
arranged in the process chamber includes a guide 
arranged at the outlet port of the activated species form- 
ing device for guiding the activated gases of the N 2 gas, 
H 2 gas and NF 3 gas onto the surface of the object. 

According to a fourteenth aspect of the present 



invention, there is provided a processing apparatus 
according to the tenth aspect wherein those walls of the 
activated gas forming dance, the introducing mecha- 
nism and the process chamber which are brought into 
contact with the activated gas are formed of an electri- 
cally insulating material. 

Further, according to a fifteenth aspect of the 
present invention, there is provided a processing appa- 
ratus according to the tenth aspect, wherein the heating 
device heats the susceptor so as to elevate the temper- 
ature of the object disposed on the susceptor to temper- 
atures at which the reaction f 8ms are sublimated. 

The invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which; 

FIG. 1 shows the construction of a processing 
apparatus according to one embodiment of the 
present invention; 

FIG. 2 is a plan view showing a NF 3 gas supply sec- 
tion; 

FIGS. 3A to 3C show the processing steps of a 
processing method of the present invention; 
FIG. 4A is a graph showing the result of an elemen- 
tal analysis on a surface of an object before 
processing by the method of the present invention; 
FIG. 4B is a graph showing the result of an elemen- 
tal analysis on a surface of an object after process- 
ing by the method of the present invention; 
FIG. 5 shows a modification of the plasma forming 
section; 

FIGS. 6A and 6B are directed to a conventional 
method for removing a native oxide film; and 
FIG. 7 is a graph showing the relationship between 
the contact resistance and the contact size. 

The present invention is directed mainly to a tech- 
nique of removing an oxide film formed on a surface of 
an object such as a semiconductor wafer, particularly, to 
a technique for removing a native oxide film. Although 
the object to be processed in the present invention is 
not limited to a semiconductor wafer, in order to specifi- 
cally describing a preferred embodiment of the present 
invention, the present invention in relation to a tech- 
nique for removing a native oxide film formed in a bot- 
tom portion of a fine hole formed on a surface region of 
a semiconductor wafer is described. 

FIG. 1 shows the construction of a processing 
apparatus 12 of the present invention, and FIG. 2 is a 
plan view showing a supply section of a NF 3 gas. As 
shown in the drawings, the processing apparatus 12 
comprises a microwave generating source 58, 
waveguides 60, 62, a gas introducing section 44 for 
introducing a mixed gas of a N 2 gas and H 2 gas, a pipe 
14 for forming a plasma and active species, and a proc- 
ess chamber 16 in which a native oxide film formed on 
an object (semiconductor wafer) is removed. The micro- 
wave formed in the microwave generating source 58 is 
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supplied through the waveguides 62, 60 and the pipe 14 
for forming a plasma and active species. Within the pipe 
1 4, the mixed gas of the N 2 gas and H 2 gas is converted 
into a plasma so as to form active species. The process 
chamber 16 is in the form of a cylinder made of, for 
example, aluminum. A susceptor 20 made of, for exam- 
ple, SiC is supported by supporting rods 1 8 made of, for 
example, quartz. Formed in a bottom portion of the 
process chamber 16 is an exhaust port 22, which is con- 
nected to an exhaust system 25 equipped with a vac- 
uum pump 24, etc. for evacuating the process chamber 
16. An opening 26 equal in size to the susceptor 20 is 
formed below the susceptor 20. A heat ray transmitting 
member 28 made of, for example, quartz is hermetically 
attached to close the opening 26 using a sealing mem- 
ber 30. The heat ray transmitting member 28 is shaped 
arcuate in cross section in a manner to bend downward 
in the central portion. A heating means 32 is arranged 
below the heat ray transmitting member 28 such that the 
susceptor 20 is heated from the back side. The heating 
means 32 includes a plurality of heating lamps 36, e.g., 
halogen lamps, mounted on a rotatable plate 34. The 
heat emitted from the heating means is transmitted 
through the heat ray transmitting member 28 so as to be 
incident on the back surface of the susceptor. Inciden- 
tally, heating means other than the heating lamps 36 
shown in the drawing can also be used in the present 
invention. For example, it is possible to mount an elec- 
tric heater within the susceptor 20. Further, a semicon- 
ductor wafer transfer port 38 and a gate valve 40 are 
formed in a side wall of the process chamber 1 6. 

The pipe 14 for forming a plasma and active spe- 
cies, which is made of an electrically insulating and 
microwave transmitting material such as quarts, is her- 
metically mounted to close an upper opening in a ceiling 
portion 16A of the process chamber 16 using a sealing 
member 42. Also, the pipe 14 extends through the 
waveguide 60. The gas introducing section 44 is 
mounted on the upper end of the pipe 14 such that a 
mixed gas of a N 2 gas and a H 2 gas is introduced 
through the gas introducing section 44 and the 
waveguide 60 into the pipe 14. The gas introducing sec- 
tion 44 includes an introducing nozzle 46, which is con- 
nected to a gas passageway 48. The gas passageway 
48 is connected to a two-way branched tube, one of the 
branches being connected to a N 2 gas source 52 via a 
flow rate controller 50, e.g., mass flow controller, and 
the other branch being connected to a H 2 gas source 54 
via another flow rate controller 50. 

The microwave having a frequency of, for example, 
2.45 GHz, which is generated in the microwave generat- 
ing source 58, is supplied through the waveguide 62 
having, for example, a rectangular cross section, and 
the other waveguide 60, e.g., an Evenson type micro- 
wave, into the pipe 14 for forming a plasma and active 
species. The mixed gas of the gas and N 2 gas is 
converted into a plasma within the pipe 14 under the 
action of the microwave so as to form active species of 



2N* from N 2 and 2H* from H 2 . 

An IMF 3 gas supply section 68 is formed in a lower 
portion of an outlet port 64 of the pipe 1 4 so as to supply 
an NF 3 gas into the active species. The NF 3 gas is sup- 

5 plied from an NF 3 gas source 80 into a ring-like shower 
head 70 made of quartz through a flow rate controller 
78, e.g., mass flow controller, a gas passageway 76 and 
a communicating pipe 74. Then, the NF 3 gas is added 
through a gas holes 72 to the active species. As a 

10 result, the NF 3 itself is also activated by the active spe- 
cies. 

A guide member 66 made of quartz and down- 
wardly flared or shaped conical is mounted to the outlet 
port 64 of the pipe 14 so as to permit the activated 
is gases to be supplied uniformly onto an object to be 
treated. 

The processing method of the present invention is 
worked by using the processing apparatus of the con- 
struction described above. Specifically, an object W (sil- 

20 icon wafer) is introduced into the process chamber 16 
through the gate valve 40, which is opened, and dis- 
posed on the susceptor 20. The contact hole 2 as 
shown in FIG. 6A is formed in advance in a surface 
region of the silicon wafer W. As described previously, a 

25 native oxide (Si0 2 ) film 10 is formed in a bottom of the 
contact hole 2. FIG. 3A shows in a magnified fashion 
the native oxide film 10 formed in the bottom of the con- 
tact hole 2. 

After introduction of the wafer W, the gate valve 40 

30 of the process chamber 16 is closed to make the proc- 
ess chamber hermetic. Under this condition, the proc- 
ess chamber is evacuated to establish a vacuum 
condition. Then, the N 2 gas and H 2 gas are introduced 
at predetermined flow rates from the N 2 gas source 52 

35 and the H 2 gas source 54 into the pipe 14 for forming a 
plasma and active species through the plasma gas 
introducing section 44. Also, the microwave having a 
frequency of, for example, 2.45 GHz, which is generated 
in the microwave generating source 58, is introduced 

40 into the pipe 14 through the waveguides 62 and 60. 
Within the pipe 14, the N 2 gas and the hfe gas are con- 
verted by the microwave into a plasma and, activated to 
form active species. Since the process chamber 16 is 
held vacuum, these active species are moved toward 

45 the outlet port 64 of the pipe 14. 

Further, the NF 3 gas supplied from the NF 3 gas 
source 80 is added through the ring -I ike shower head 
70 of the NF 3 gas supply section 68 to the active spe- 
cies of the mixed gas of the H 2 gas and N 2 gas, with the 

so result that the NF 3 gas is also activated by the active 
species so as to form a mixture of these activated 
gases. The mixture is effectively guided uniformly by the 
guide member 66 toward the wafer W so as to be 
brought into contact with the wafer W. As a result, the 

55 active species react with the native oxide film on the 
wafer W to cause the native oxide film to be modified 
into a reaction film 82 in which Si, N, H, F and O are 
mixed together, as shown in FIG. 3B. The reaction film 
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82 also serves to prevent the silicon wafer W itself from 
being etched with the activated gases. During this treat- 
ment, the wafer W is not heated, and is put under room 
temperature to cause the activated gases to reach a 
bottom of the contact hole effectively. 5 

For example, the flow rates of the H 2 gas, N 2 gas, 
and NF 3 gas may be set at 20 seem, 30 seem and 200 
seem, respectively. The process pressure may be set at 
3 Torr, the plasma power may be set at 150W, and the 
process time may be set at 3 minutes. 

As described previously, the downwardly flared 
guide member 66 is arranged above the susceptor 20, 
with the result that scattering of the activated gases is 
suppressed by the guide member 66. It follows that the 
activated gases flow effectively toward the wafer so as 
to perform reaction with the native oxide film formed on 
the wafer W. 

After formation of the reaction film 82, the supply of 
the H 2 gas, N 2 gas and NF 3 is stopped. Also stopped is 
the operation of the microwave generating source 58. 
Then, the process chamber 16 is evacuated to dis- 
charge the gases remaining within the process chamber 
1 6 to the outside. Under this condition, the susceptor 20 
is heated from the back surface by the heating means 
32 so as to elevate the temperature of the wafer W dis- 
posed on the susceptor 20 to a predetermined level, 
e.g., at least 100°C. By this heating, a molecule 84 con- 
taining Si, N, H, F and O is sublimated so as to be scat- 
tered. As a result, the native oxide film 10 is removed 
from the wafer W to expose the Si substrate to the out- 
side at the bottom of the contact hole. The heat treat- 
ment for removing the native oxide film 10 is carried out 
under a pressure of 1 mTorr or less for about 2 minutes. 

The mechanism of the native oxide film removal 
described above has not yet been clarified sufficiently. 
However, it is considered reasonable to understand that 
the activated gases of H 2 gas, N 2 gas and NF 3 gas 
react with the native oxide film (Si0 2 ) to form a large 
molecule containing Si. N, H, F and O. To be more spe- 
cific, N, F and H are considered to be interposed 
between O and Si so as to be bonded each other, and 
the resultant product is considered to be readily subli- 
mated under heat of at least 100°C while maintaining a 
molecular form of N-F-H-O-Si. 

The atoms on the surface of the wafer W thus 
treated were analyzed by a surface elemental analysis 
apparatus (XPS, i.e., X-ray Photoelectron Spectros- 
copy), with the result as shown in FIGS. 4A and 4B. FIG. 
4A shows the analytical result of the surface of the sem- 
iconductor wafer before the treatment, with FIG. 4B 
showing the analytical result of the wafer after the treat- 
ment of the present invention. As shown in FIG. 4 A, a 
peak of the intensity is recognized in the vicinity of 104 
eV of the binding energy, which denotes the Si-0 bond, 
in addition to another peak in the vicinity of 99 eV of the 
binding energy denoting the Si-Si bond before the proc- 
ess of the present invention. After the process of the 
present invention, however, a peak is not recognized in 



the vicinity of 104 eV of the binding energy, which 
denotes the Si-O bond, though another peak is recog- 
nized in the vicinity of 99 eV of the binding energy 
denoting the Si-Si bond, as shown in FIG. 4B. This 
clearly supports that the native oxide film (Si0 2 ) has 
been completely removed by the treatment of the 
present invention. 

Various experiments have been conducted by 
changing the process pressure and temperature in sub- 
limating the reaction film 82. It has been found that the 
upper limit of the process pressure is about 100 mTorr. 
If the process pressure was higher than 100 mTorr, the 
reaction film 82 was not sufficiently sublimated. On the 
other hand, the lower limit of the process temperature 
has been found to be about 100°C. If the process tem- 
perature was lower than about 100°C, the reaction film 
82 was not sufficiently sublimated. 

If the native oxide film is removed by the conven- 
tional wet washing, the surface of the object after 
removal of the native oxide film is relatively roughened. 
However, the surface of the object after removal of the 
native oxide film by the method of the present invention 
is rendered flat, compared with the wet washing. It fol- 
lows that the contact area between the wafer surface 
after removal of the native oxide film and the surface of 
the wiring fixed to the wafer surface is increased, lead- 
ing to a stronger bonding between the two. 

Additional experiments have been conducted in an 
attempt to confirm the effect produced by the present 
invention. In these experiment, used as samples were 
silicon substrates each having a silicon oxide film 
formed thereon. A contact hole was formed in the silicon 
oxide film. Further, a doped polycrystalline silicon (poly- 
silicon) wiring was buried in the contact hole for electri- 
cal connection to the silicon substrate. Before formation 
of the polysilicon film, the sample was washed with a 
washing solution as a pretreatment in order to remove 
mainly particles. The washing solution consisted of 
ammonia water, hydrogen peroxide solution, and pure 
water mixed at a ratio of 1 : 2 : 10. The washing treat- 
ment was carried out at 60°C for 10 minutes. Further, 
each of the samples was washed with water and, then, 
dried, followed by dividing the samples into a group of 
comparative samples and another group of samples to 
which the method of the present invention was applied. 
These comparative samples were etched with an etch- 
ing solution consisting of hydrofluoric acid and pure 
water mixed at a ratio of 1 : 99. The etching treatment 
was carried out at room temperature for 10 minutes. 
The other samples for the present invention were sub- 
jected to a dry treatment under the conditions described 
previously. FIG. 7 shows the experimental data in 
respect of the contact resistance relative to various con- 
tact sizes. The comparative samples are denoted by an 
SCI-DFH curve in FIG. 7, with the samples for the 
present invention being denoted by an SCI-DRY curve. 
The expression "SCI" represents the washing pretreat- 
ment which was commonly employed in both the com- 
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parative samples and the samples for the present 
invention. As apparent from FIG. 7, the samples treated 
by the method of the present invention were lower in the 
contact resistance than the comparative samples. In 
addition, the difference in the contact resistance 5 
between the comparative samples and the samples for 
the present invention was prominently increased with 
decrease in the contact size. 

As described above, the processing method and 
apparatus of the present invention permit removing a 10 
native oxide film formed at a bottom of a fine contact 
hole without using a washing liquid as in the wet wash- 
ing method, ft should also be noted that an NH 3 gas is 
not used in the present invention, making it possible to 
disuse an exhaust gas processing apparatus for is 
processing the NH 3 gas. It follows that the facility cost 
and the operating cost can be reduced in the present 
invention. 

In the present invention, activated gases are 
formed from an N 2 gas, H 2 gas and NF 3 gas. A surface 20 
of an object is exposed to these activated gases to bring 
about a reaction between these activated gases and an 
oxide film to be removed, particularly a native oxide film 
formed on the surface of the object. As a result, the 
oxide f Dm is converted into a reaction f flm, which is then 25 
sublimated by the heating of the object to a predeter- 
mined temperature. It should also be noted that in the 
present invention, a mixed gas of a N 2 gas and H 2 gas 
is converted into a plasma and active species are 
formed. Further, the NF 3 gas is added to the active spe- 30 
cies so as to form activated gases of the N 2 gas, H 2 gas 
and NF 3 gas. Additional features of the present inven- 
tion are as already described herein before. 

It is of no difficulty for those skilled in the art to 
arrive at various modifications based on the embodi- 35 
ment of the present invention described above. Of 
course, these modifications fall within the technical 
scope of the present invention. In other words, the tech- 
nical scope of the present invention is not limited to the 
typical embodiment described herein in detail. Need- 40 
less to say, various modifications are conceivable within 
the technical scope defined in the appended claims. 

For example, a plasma forming section 56 included 
in the processing apparatus of the present invention is 
equipped with the microwave generating source 58, the 45 
Evenson type waveguide 60, etc., as shown in FIG. 1. 
The plasma forming section 56 of the particular con- 
struction is efficient for forming a plasma of a mixed gas 
consisting of N2 gas and H 2 gas. However, it is also pos- 
sible to substitute the plasma forming section 56 con- so 
structed as shown in FIG. 5 fa the plasma forming 
section shown in FIG. 1. To be more specific, the 
plasma forming section 56 shown in FIG. 5 comprises a 
high frequency generating source 86 generating RF 
(Radio Frequency) of 13.56 MHz and a induction coil 88 55 
wound about a part of the pipe 14 for forming plasma 
and active species. Further, a matching circuit 90 is con- 
nected between the induction coil 88 and the high fre- 



quency generating source 86 so as to achieve the 
impedance matching therebetween. In this case, a 
plasma is formed by an inductive coupling upon supply 
of an RF wave to the induction coil 88, with the result 
that the function and effect similar to those in the 
embodiment described previously are exhibited. 

The flow rates of the various gases described previ- 
ously are no more than examples and. thus, do not limit 
the technical scope of the present invention. 

In the embodiment described previously, the flow 
rates of the H2 gas, N 2 gas and NF 3 gas are set at 20 
seem, 30 seem and 200 seem, respectively. However, it 
is possible to double these f tow rates or to set the flow 
rates at levels higher than double of these flow rates. 

Also, in the embodiment described previously, the 
shower head 70 for supplying the NF 3 gas is mounted to 
the outlet port 64 of the pipe 14 for forming plasma and 
active species. However, the mounting position of the 
shower head 70 is not limited to the outlet port 64 noted 
above. To be more specific, the shower head 70 can be 
mounted anywhere as far as the mounting position is 
closer to the object than the waveguide 60. In this case, 
it is important to add the NF 3 gas to an atmosphere of 
active species converted from the plasma, not to the 
plasma of a mixed gas consisting of H 2 gas and N 2 gas. 
If NF 3 is present within a plasma, the NF 3 gas is exces- 
sively activated so as to severely etch the wall made of 
quarts, i.e., the wall of the pipe 14 for forming plasma 
and active species. 

Further, it is not absolutely necessary for the 
shower head 70 to have a ring-like structure. For exam- 
ple, pipes having gas holes may be arranged in a lattice 
shape to form the shower head. Alternatively, a simple 
gas introducing nozzle can be used in place of the 
shower head 70. 

Further, the embodiment described previously is 
directed to removal of a native oxide film formed on a sil- 
icon substrate. Of course, the present invention can 
also be employed for removing a native oxide film 
formed on other substrates or layers. For example, the 
technique of the present invention can be employed for 
removing a native oxide film formed on a metal silicide 
film, e.g., film of WSi x . TiSi x , CoSi x , AISi x or NiSi x . 

Further, the frequencies of the microwave and RF 
wave are not limited to those referred to previously. In 
other words, the microwave and RF wave of different 
frequencies can also be used in the present invention. 

Further, in the embodiment described previously, a 
native oxide film was removed within the process cham- 
ber 16. Of course, it is necessary for at least an oxide 
film or a native oxide film to be removed within the proc- 
ess chamber 16. However, it is possible to carry out 
other treatments such as a film-forming treatment and 
an etching treatment within the process chamber 16 
before or after removal of the native oxide film. 

Further, in the embodiment described previously, 
the activated gas flows downward toward a surface of 
an object. However, it is not absolutely necessary for the 
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so as to form activated gases of the N 2 gas, H 2 
gas and NF 3 gas. 

4. The method according to claim 3, characterized in 
5 that the oxide film to be removed is a native oxide 
film formed by the reaction with the air atmosphere 
during predetermined process steps applied to the 
object. 

10 5. The method according to claim 3, characterized in 
that the formation of a plasma of a mixed gas con- 
sisting of the N 2 gas and H 2 gas is carried out in a 
plasma generating section by introducing a micro- 
wave into a mixed gas of the N 2 gas and H 2 gas 

75 supplied to the plasma generating section. 



activated gas to flow downward in the present invention. 
For example, it is possible to allow the activated gas to 
flow laterally, obliquely or upwardly toward a surface of 
the object. 

Still further, in the embodiment described previ- 
ously, heating lamps arranged below the back surface of 
a susceptor were used as a heating means for heating 
an object, which was disposed on the front surface of 
the susceptor. Alternatively, an electric heater arranged 
within the susceptor may be used as the heating 
means. It is also possible to arrange both an electric 
heater and a cooling means, within the susceptor. The 
cooling means can be used for cooling the susceptor 
and the object in order to permit the activated gas to be 
moved to reach a bottom portion of a fine hole such as 
a contact hole formed in a surface region of the object. 
Further, heating lamps arranged above the object can 
be used for directly heating the surface of the object. 

It is of no difficulty for those skilled in the art to 
arrive at various modifications in respect of the features 
of the present invention described above. Of course, 
these modifications fall within the technical scope of the 
present invention. In other words, the technical scope of 
the present invention is not limited to the typical embod- 
iment described herein in detail. Needless to say, vari- 
ous modifications are conceivable within the technical 
scope defined in the appended claims. 

Claims 

1. A method of removing an oxide film formed on a 
surface of an object to be processed characterized 
in that comprises the steps of: 

forming an activated gas from a N 2 gas, H 2 gas 
and NF 3 gas; 

exposing a surface of said object to said acti- 
vated gas to bring about a reaction between 
the activated gas and an oxide film formed on a 
surface of the object, thereby forming a reac- 
tion film; and 

heating the object to a predetermined tempera- 
ture so as to sublimate said reaction film. 

2. The method acoording to claim 1, characterized in 
that the oxide film to be removed is a native oxide 
film formed by the reaction with the air atmosphere 
during predetermined process steps applied to said 
object. 

3. The method acoording to claim 1 , characterized in 
that the formation of the activated gas from the N 2 
gas, H 2 gas and NF 3 gas comprises the steps of: 



6. The method according to claim 1, characterized in 
that said predetermined temperature is at least 
100°C, and each of said reaction film and said acti- 
ve vated gas is formed at a temperature lower than 

100°C. 

7. A processing apparatus for removing an oxide film 
characterized in that comprises 

25 

a susceptor on which an object to be proc- 
essed is disposed; 

a process chamber housing said susceptor; 
and 

30 a mechanism for removing oxide films formed 

on a surface of the object; 
wherein said mechanism for removing the 
oxide films include: 

an activated gas forming device for forming an 
35 activated gas from N 2 gas, H 2 gas and NF 3 

gas; 

an introducing device for introducing the acti- 
vated gas formed in said activated gas forming 
device onto a surface of the object disposed on 
40 said susceptor arranged within said process 

chamber; and 

a heating device for heating the object to tem- 
peratures at which reaction films resulting from 
reaction between the oxide films formed on the 
45 surface of the object and the activated gas 

introduced into the process chamber are subli- 
mated. 

8. The processing apparatus according to claim 7, 
so characterized in that said activated gas forming 

device includes: 

a plasma generating device for converting the 
supplied gas into plasma; 
a gas supply device for supplying N 2 gas and 
H 2 gas into said plasma generating device; 
an activated species forming device for con- 
verting the plasma generated from the plasma 



forming a plasma of a mixed gas consisting of 55 
the N 2 gas and H2 gas and also forming active 
species; and 

supplying the NF 3 gas into the active species 
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generating device into activated species; and 
an activated gas forming device for supplying 
an NF 3 gas into the activated species of N 2 gas 
and H 2 gas formed in said activated species 
forming device so as to form activated gases of s 
N 2 gas H 2 gas and NF 3 gas. 

9. The processing apparatus according to claim 7, 
characterized in that the oxide film formed on the 
surface of the object is a native oxide film formed by 
the reaction with the air atmosphere during the pre- 
determined process steps applied to the object. 

10. The processing apparatus according to claim 9, 

characterized in that said activated gas 
forming device includes: 

a plasma generating device for converting the 
supplied gas into plasma; 
a gas supply device for supplying N 2 gas and 
H 2 gas into said plasma generating device; 
an activated species forming device for con- 
verting the plasma generated from the plasma 
generating device into activated species; and 
an activated gas forming device for supplying 
an NF 3 gas into the activated species of N 2 gas 
and H 2 gas formed in said activated species 
forming device so as to form activated gases of 
N 2 gas H 2 gas and NF 3 gas, and 
wherein the heating device for heating the 
object is for heating the object to temperatures 
at which the native oxide films formed on the 
surface of the object react with the activated 
gas introduced into the process chamber and 
the resultant reaction films are sublimated. 

11. The processing apparatus according to claim 10, 
characterized in that said plasma generating device 
is equipped with a mechanism for converting a gas 
into a plasma by utilizing a microwave. 

12. The processing apparatus according to claim 10, 

characterized in that said activated gas 
forming device includes: 

a pipe made of microwave transmitting mater- 
iel; and 

a supply section of a microwave and a supply 
section of a N 2 gas and H 2 gas formed at the 
inlet port of said pipe. 

13. The processing apparatus according to claim 10, 
characterized in that an introducing mechanism for 
introducing said activated gas onto the surface of 
the object disposed on the susceptor arranged in 
the process chamber includes a guide arranged at 
the outlet port of said activated species forming 
device for guiding the activated gases of the N 2 



gas, H 2 gas and NF 3 gas onto the surface of the 
object. 

14. The processing apparatus according to claim 10, 
characterized in that those walls of said activated 
gas forming device, said introducing mechanism 
and said process chamber which are brought into 
contact with said activated gas are formed of an 
electrically insulating material. 

15. The processing apparatus according to claim 10, 
characterized in that said heating device heats said 
susceptor so as to elevate the temperature of the 
object disposed on the susceptor to temperatures 
at which said reaction films are sublimated. 
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